I. INTRODUCTION
THE sulfurea (suif) locus of tomato, Lycoftersicon esculentum Mill., is characterised by the occurrence of a particular type of genetic change, paramutation (= somatic conversion). The wild type allele sulf+ is stable in the homozygous condition. In vegetative cells of sulf+sulf heterozygotes, however, the sulf allele is heritably altered under the influence of the mutant suif allele which is already present in the same nucleus; sulf+ is altered with a definite frequency to a suif mutant allele, either of the su1fPTa or the sulfQ group.
The suif series influences the colour of cotyledons and foliage leaves of tomato plants: sulf+ determines green leaves, sulfPura pure yellow leaves, and su1fva yellow-green speckled leaves. The dominance relations are: sulf+> sulfvI > su1fPur (Hagemann, 1958 (Hagemann, , 1966 (Hagemann, , 1969 summaries in English, 1965 summaries in English, ,1969a ). An important presupposition of studies about the genetic mechanism underlying the processes of paramutation (somatic conversion) is the knowledge of the exact position of the suif locus within the tomato genome.
Studies with trisomics have proved that the suif gene is on chromosome 2, the nucleolar chromosome of the tomato (Flagemann, 1 969a). Knowing this, it was necessary to find out as exactly as possible the position of sz4f within chromosome 2. Therefore experiments have been performed to determine the linkage relationship between the suif locus and several genetic and cytological markers in chromosome 2.
The tomato is one of the relatively few plants that have been used extensively in genetics whose chromosomes can be analysed at the pachytene stage of meiosis (Brown, 1949; Barton, 1950) . At this stage each of the 12 pairs of chromosomes is clearly differentiated into distinct regions of euchromatin and heterochromatin; the term euchromatin being used to describe those regions of the chromosomes which, in contrast to heterochromatin, do not retain a compact structure during interphase and prophase (Heitz, 1928) .
During a series of experiments aimed at comparing the genetic activities of heterochromatin and euchromatin in tomato a number of chromosomal interchanges were synthesised (Snoad, 1961 (Snoad, , 1962 . Some of these interchanges involved chromosome 2, and they were derived from breakage and reunion in the large blocks of heterochromatin surrounding the centromere region.
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The existence of the interchanges led to the suggestion that some of them should be used to locate sulf more precisely on chromosome 2.
In a series of experiments the linkage relations between suif and several marker genes (d, aw, o and s) as well as the break points of two interchanges have been determined.
MATERIALS AND METHODS
(i) The translocation lines X-irradiated pollen (4000 r) from the cultivar "Sutton's Best of All" was used to pollinate a line homozygous for the genes d, o and s. Out of the 289 resulting plants, nine proved to be heterozygous for an interchange involving chromosome 2. Two interchanges, D 48 (= T2-ll) and D 58 (= Tl-2), were used in the experiments to locate sulf. In both, the point of interchange in chromosome 2 was in the heterochromatic region between the centromere and the nucleolar organiser. These interchanges are illustrated in plate I together with pachytene in a normal plant in which each of the 12 pairs of chromosomes can be distinguished.
(ii) The staining technique for pachytene
The technique is based on that originally proposed by Dr M. S. Walters, the details of which were published by Brown (1949).
(a) Fixation. The anthers are left overnight in a mixture of propionic acid and alcohol (1 : 2). This gives a good fixation of the chromosomes as regards detail but, most important of all, it leaves the cytoplasm less granular and less likely to remain overstained than does acetic acid.
(b) Mordanting. The anthers are taken down to distilled water through an alcohol series. (If material has to be stored, it seems best done in 70 per cent, alcohol in a refrigerator at 3-5° C.) After 20 minutes in water, they are placed in 4 per cent, iron alum for 20 minutes. The iron alum is then removed by a series of washings with distilled water over a period of half an hour.
(c) Staining. An anther is crushed carefully in a drop of iron acetocarmine (Belling, 1926) and any debris is removed. A coverslip is applied and immediately more aceto-carmine is added until it gently floats on the drop of stain. The slide is supported in this condition over a steam bath for 1-2 minutes (Barton, 1950) and heating is continued until the chromosomes and cytoplasm are both heavily overstained. As the aceto-carmine evaporates in the heat so it is replaced at the edge of the coverslip.
(d) Dfterentiation. After staining, drops of 45 per cent, acetic acid are placed at one side of the coverslip and the aceto-carmine is drawn out on the other side by means of small strips of filter paper. This process is continued until all the stain has been replaced by 45 per cent. acetic acid. The slide is replaced over the steam until the differentiation between the chromosomes and the cytoplasm can be seen, under the microscope, to be satisfactory. Spreading is accomplished by pressing the preparation quickly and evenly with the fingers, using several thicknesses of filter paper.
(e) Permanent preparations. The only satisfactory method involves the use of solid CO2. After removing the coverslip the slide is immediately placed in absolute alcohol for only 10-15 seconds. After another brief period in fresh absolute alcohol the slide can be made permanent with Euparal. As albumen is not needed for making these preparations there is obviously better spreading of the cells. (Barton, et al., 1955; Rick and Butler, 1956 ).
In the first experiment the recombination values between suif and the markers d and aw have been determined. In the second experiment linkage has been tested after crossing translocation heterozygotes ofTl-2 and T2-l 1 (homozygous for s, o and d) with suif homozygotes (suIJ'PUra or sulJ'V; homozygous for the wild type alleles s+, 0+ and d+).
The genotype of the plants with regard to s, o and din the BC generation and its progeny was determined in the experimental field. Heterozygosity for the interchanges and homozygosity were found by determining the presence of normal and sterile pollen grains (heterozygosity) or of normal pollen only (homozygosity) in the anthers.
The (c) The back-cross generation segregated into green (sulf+) and yellowgreen speckled (su1fvasu1fva or su1j'VasU1fPUra) plants. It was determined for all BC plants whether or not they were heterozygous for the translocation. (table 2) . This result leads to the conclusion that no crossing-over takes place between the break point of the translocations and suif, i.e. there is absolute linkage between the break points and suif ( fig. 2 , right column: no crossing-over in region 4). Among the yellow-green speckled sulfva plants the great majority (449 out of 485) did not contain a translocation-which is in accordance with the result obtained from the green plants.
However, 36 yellow-green speckled plants were heterozygous for the translocations (14 for T1-2, 22 for T2-ll). This result distinctly deviates from the results observed in the green plants. Taking into account the occurrence of genetic changes (paramutation) at the suif locus, it seems probable that these exceptional plants did not occur as the result of crossing-over between the break point and suif, but that they are the result of paramutation.
(The frequency of paramutation in the sulf+sulf heterozygotes is at this level; cf. Hagemann, 1966, 1 969b) . The translocation chromosome of these plants carried sulf+; but by the paramutation which takes place with low frequency in sulf+sulfheterozygotes, this sulf+ allele has been changed to suif. Therefore these plants cannot necessarily be considered to have arisen after crossingover. Paramutation at the suif locus of the tomato is unidirectional; there is only the change su1f+su1f_su1f suif. This explains the entire lack of exceptional plants among the green BC plants.
Testing the BC plants for the presence or absence of the translocation chromosomes has therefore led to the result that the break points of the translocations and the suif locus are absolutely linked. The determination of the linkage relations between suif and different markers in chromosome 2 has led to the following results:
(1) The break points of TI -2 as well as T2-11 and suif are absolutely linked. Regarding linkage with suif there is no difference between the break points of Tl-2 and T2-ll. (4) There is no crossing-over between the break points and suif; therefore the exact position of these markers to each other is at the moment still uncertain. Nevertheless it seems probable that the suif locus lies at the very beginning of the euchromatic part of the chromosome in the transition region between the heterochromatic and the euchromatic part of the long arm ( fig. 1 ).
Discussion
In sulf+sulf heterozygotes of the tomato paramutation (= somatic conversion) takes place which leads to a heritable change of the wild type allele sulf+. Many genetic results found in our previous work on this phenomenon fit into the hypothesis that the paramutation of sulf+ is the result of the heterochromatinisation of this gene leading to an inhibition of the normal action of the sulf+ allele. This inhibition is either complete (leading to sulJ'Pura alleles, the homozygotes of which have pure yellow leaves) or it is partial (leading to sulf" alleles, the homozygotes of which are yellowgreen speckled) (Hagemann, 1968 (Hagemann, , 1969a . Knowledge of the exact position of the suif locus within chromosome 2 and thus of the relation to the euchromatic and heterochromatic parts of this chromosome is very important for further studies on the mechanism of paramutation.
Cytogenetic studies by Lesley (1937) and Brown (1949) have indicated the absence of crossing-over in the heterochromatic parts of chromosome 2; heterochromatic areas did not show chiasmata in contrast to euchromatic parts. Further evidence for this was presented by Barton (1951) and Moens and Butler (1963) . These authors demonstrated that no crossing-over occurs between the centromere and the satellite, whose length varies significantly among different tomato varieties and therefore represents a good cytological marker; heteromorphic satellites always separate reductionally at first anaphase. The results of Moens and Butler (1963) and Snoad (1961 Snoad ( , 1962 Snoad ( , 1965 demonstrate the absence of crossing-over in the heterochromatic part of the long arm too. Snoad compared the crossing-over frequency between the marker s and eight interchange points within the centric heterochromatin of chromosome 2. The recombinatiori values were practically equal; they did not increase with increasing distances between s and the particular break points which were determined cytologically. Thus crossing-over between s and the break points is a function of the length of euchromatin between s and the centromere, and this is equal for all interchanges studied. Snoad found an average recombination value between s and the break points of 38 units. Using heteromorphic satellites as cytological markers, Moens and Butler (1963) have calculated 31 units for the map distance between centromere and s. Finally, the latest linkage map of the tomato (TGC 1968) gives 30 units for the distance between centromere and s.
The experiments reported in this paper demonstrate absolute linkage between the sulf locus and the interchange points of Tl-2 and T2-ll, which are in the centric heterochromatin of chromosome 2 ( fig. 1) . These results lead to the conclusion that the sulf locus lies in the transition region between the heterochromatic and the euchromatic part of the long arm or even within the heterochromatic part of chromosome 2.
The recombination value of 29 units for the distance between s and suif (or the interchange points) found in our experiments agrees very well with the results reported by Moens and Butler (31 units), in TGC 1968 (30 units) and also with Snoad's results (s-break point Tl-2: 36 per cent., s-break point T2-l 1: 32 per cent., Snoad, 1965) . The results of the experiments to localise the sulf locus support our working hypothesis, that the paramutation of the sulf+ allele to a suif mutant allele is the result of the heterochromatinisation of sulf+. The position of the locus in the transition region between the euchromatic and the hetero-
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